Mechanisms of action and resistance of older and newer fluoroquinolones.
The fluoroquinolones interact with 2 bacterial targets, the related enzymes DNA gyrase and topoisomerase IV, both of which are involved in DNA replication. Quinolones form complexes of these enzymes with DNA, complexes that block movement of the DNA-replication fork and thereby inhibit DNA replication. Many older quinolones differ in their relative activities against gyrase and topoisomerase IV in a bacterial cell, having greater potency against gyrase than against topoisomerase IV in many gram-negative bacteria and greater potency against topoisomerase IV than against gyrase in many gram-positive bacteria. Several newer quinolones appear to have more closely balanced activity against these enzymes. Resistance to fluoroquinolones occurs as a result of mutational amino acid substitutions in the subunits of the more sensitive (or primary-target) enzyme within the cell. If, however, both enzymes are similarly susceptible to a fluoroquinolone, then the level of resistance caused by a primary-target mutation may be low and may be limited by the sensitivity of the secondary target. Fluoroquinolones also differ in the extent to which common bacterial multidrug efflux pumps affect their activity, with some compounds being unaffected by resistance mechanisms because of overexpression of such pumps. Newer fluoroquinolone interaction with dual targets and avoidance of efflux-resistance mechanisms may each contribute to the lower frequencies of selection of resistant mutants in the laboratory.